INCILENCE OF GRAIN BOUNDARIES
In the transvere cross section ( lO_ cm2 ) of a wire of 0.1 iwi diameter, in size of lt and thrice as many boundaries. there are 10,000 grains for a gra 10 2 The area aged in the field ion microscope is of the order of 10cm.
Hence the chances of imaging a grain boundary are expected to be low in practice the chances are considerably improved as one samples a volume by the process of field evaporation. Also 1eating the tip in situ sometimes produces a migration of grain boundaries into the field of view. Simultaneous heating and deformation of . the wire prior to preparation of the specimen, a suggestion due to McLean, •led to a small grain size and appreciably improved the chances of finding a grain boundary in the field of view. Certain recrystallization treatments appear to be critical: tungsten wire heated to 1000°C , and molybdenum wire heated to 700°C were particularly profitable materials to work with.
Brock1 carried out a pioneering study of grain boundaries with the field emission microscope and followed a suggestion due to Muller to increase the incidence of grain boundaries. The tungsten specimen was thinned, bent and then a tip was sharpened of, the bend. The tip was then annealed at 200°K . It was believed that the prior deformation induces recrystallization and causes a number of grain boundaries to appear in the field of view. In a report, Mller has claipied that this method led to the appearance of grain boundaries in 90% of the tips so treated. In an early study of grain boundaries with the field ion microscOe, Wolf 2 has made use p of this technique. No extensive use of this method has been reported. A major drawback is that the tips will have large radius after annealing and the loss of resoluton at large radii is especially serious when liquid nitrogen is used for cooling.
GRAIN BOUNDARY ANALYSIS
-An arbitrary grain boundary has five degrees of freedom. Three are needed to define the misorientation between the two crystals. These three degrees of freedom can be given as an angular misorientation around an axis.
If it is assumed that the field ion micrograph is a stereographic projection, standard crystallographic methods can be employed to determine the axis-angle pair. The first such determination with the field ion micrograph was made by Ralph and Brandon. A great circle is drarn through two poles with the same indices, one in each crystal. The mid-point of the arc between the two poles is linked to the pole of the great circle by another great circle.
It is clear that the axis of misorientation es on the second great circle.
The intersection of this great circle with another similarly derived gives the axis of mtsOriefltation. Ralph and Brandon used any two poles. It seems h the cube poles arrived at after giving weight to preferable to operate wit the determination of the three poles ( If there are to be five dislocations in the field of view, the dislocations will be about 60 apart. This distance of separation will correspond in the case of a sple tilt boundary to a misorientatiofl of
3°.
The grain boundary in iridium shown in Fig. 2 [iTh], 
STRUCTURE OF TWIN BOUNDARIES
A twin boundary is said to be coherent when the twin plane and the composition plane coincide [ (111) in f. c.c. and (112) in b.c.c. ] ; and noncoherent when this condition is not fulfilled. In-coherent twins the atoms in the composition plane are in correct position with respect to both.lattices. The twin boundary energy is correspondingly low.
•. 6
Muller has presented an example of what appears to represent a small angle twin boundary with (100) It will also be noted that the zone decoration line has rotated through 70°. The tip was originally hemispherical and has become ellipsoidal as a result of twinning. There is considerable stress relief and the tilt in the sur.face could have led to the observed streaking. running at a 'small angle to this plane will take up a stepped structure such that it has a mximum surface area in the close-packed planes of the coincidence' site lätiLice, analogous to a dislocation constrained to be along'a direction that is not a low energy direction. This step structure is shown in Fig. 7 from the orientation relationshiP characteristic of a special boundary can be explained in this manner. It is seen from Table 1 that special boundaries upto a significant coincidence and an anlar spread of
STRUCflJRE OF SPECIAL AND RANDOM BOUNDARIES

60
• offer reasonable coverage of th e orientations.
The random boundary thus differs from the special boundary not so ts can play an important part in the It appears that electronic effec image contrast at grain boundaries and can lead to the appearance of 17 streaks and dark bands. This has been discussed by Ranganathan et al. In this section direct evidence for the presence of dislocations at grain boundaieS will be given and then analyzed.
- The atomic fit at the boundary is excellent and there is no evidence for preferential evaporation. Fig. 12 . It can be seen that the density of coincidence is so low in this case that an associated 50 sub-boundary will take out almost all lattice coincidence. (110) planes across the boundary can be followed through a number of planes. A number of field ion microscope studies are now directed towards a study of thin film fomiation through evaporation of metals. These could be modified so that in a bicrystal diffusion along a grain boudary can be. shown that adsorbed atoms can be imaged with the field ion microscope.
Brenner 2 carried Out experiments to determine whether there is enhanced binding of adsorbed gas atoms at grain boundaries. He found that adsorption seemed tooccur preferentially at the edge of the (110) planes but not at the boundary.
INTERPHASE ]MERHACES
The atomic configuration of an interface separating two crystals which differ in composition and structure presents problems-similar to V that of the atomic confiratiofl at high angle grain boundaries. However very few studies havebeen carried out. Ralph and Brandon 5 have 1. observed that a a-phase precipitate particle in the 3% rhenium alloy gave enhanced contrast and that in spite of thelack of crystalline regularity in the disordered matrix, the partial coherency with the matrixwas readily detectable. A special boundary in tunstefl with a coincidence site density oflinhl. Fig. 10 A random boundary in molybdenum. The boundary is composed of a secia1 boundary and a small angle boundary. The spiral effect has its origin in the latter effect. This report was prepared as an account of Government sponsored work. Neither the United States, nor the Cornmission, nor any person acting on behalf of the Commission:
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